OBJECTIVE: To investigate a possible site-specific augmentation ofprostaglandin (PG) synthesis in the fetal membranes during labor. METHODS: We used reverse transcriptase-polymerase chain reaction or Western blot analysis to evaluate the expression of cytosolic phopholipase A2 (cPLA2) and cyclooxygenase-1, -2 (COX-1, -2), in both the upper and lower parts of the amnion, chorion laeve, and decidua vera tissues from term pregnant women before (n = 8) and after labor (n = 24). Prostaglandin E2 (PGE2) secretionfrom amnion-derived WISH cells was assessed using enzyme-linked immunosorbent assay after stimulation by cyclic mechanical stretching and interleukin-1 (IL-1). RESULTS: The expression of cPLA2 and COX-1 and COX-2 mRNAs was detected in all samples examined. Western blot analysis revealed that COX-2 expression in the upper part of the amnion, chorion laeve, and decidua vera tissues after labor was 4. 7-, 4.9-, and 3. 7-fold higher than that before labor, respectively (P < 05for all). The cPLA2 protein expression in the upper part of the amnion and chorion laeve tissues after labor was 14.0-and 8.8-fold higher than that before labor, respectively (P < .05for both). Moreover, in specimens obtained after labor, the amnion COX-2 expression and the decidua vera cPLA2 expression in the lower part of thefetal membrane was 1. 9-and 2. 6-fold higher than the respective levels in the upper part (P < .05for both). In an in vitro study, cyclic mechanical stretching significantly enhanced IL-1-augmented PGE2 secretion from WISH cells. CONCLUSION: In the lower part of the amnion and decidua vera tissues, adjacent to the dilating cervical canal, PG synthesis was upregulated site specifically after labor. Such enhancement of amnion PG synthesis might be regulated at least partly by IL-1 and cyclic distension. (J Soc Gynecol Investig 2002;9:68-74) rostaglandin E2 (PGE,) and prostaglandin F2.. (PGF2a) specific for PGE2, were expressed in human pregnant myoare believed to play crucial roles in human parturimetrium and that the expression of both FP and EP3 receptors tion.`3 It is hypothesized that PGE2 and PGF2,, are was downregulated in midgestation.' The concentrations of secreted mainly from the amnion and decidua vera tissues in PGE2 and PGFO in the amniotic fluid as well as in maternal labor and cause myometrial contraction in a paracrine or blood are elevated during parturition.7 MacDonald and Caendocrine manner via specific membrane surface receptors.3 sey6' showed that the concentrations of both PGE2 and PGF2QL Indeed, we reported that the FP receptor, a specific receptor in the amniotic fluid in the forebag, which is surrounded by for PGFaL2, and the EP3 receptor, one of the receptorisoforms the dilating uterine cervical canal and fetal presenting part, Front the D)epartnment Graduate School of Medicine, for skillful technical support during the cyclic mechanical stretch experiment. We also thank Ms. Akiko Kishimloto and Ms. Akiko Abe for secretarial and technical assistance for this svork.
were higher than those in the upper compartment. They Materials demonstrated that more PG synthesis occurs in the fetal mem-
The fetal membrane and decidua vera tissues were obtained at branes of the forebag than in those of the upper compartment, the time of term elective cesarean delivery before labor (37-39 although other investigators did not describe the concept of a weeks' gestation; n = 8; as specimens before labor) or at the compartment model to draw an entire picture of the mechatime of term spontaneous vaginal delivery (37-41 weeks' nism in rapid augmentation of PG synthesis during labor.3 gestation; n = 24; as specimens after labor). It was technically Because PGs are synthesized through sequential reactions of difficult to obtain fetal membrane tissues exactly corresponding several enzymes, such as cytosolic phospholipase A2 (cPLA2), to the true forebag after delivery of the conceptus. Therefore, cyclooxygenase-1 (COX-1), and COX-2,3 it is plausible that we collected and bluntly separated amnion, chorion laeve, and the expression of some of these enzymes could be augmented decidua vera tissues within 5 cm from the split and from the in the fetal membranes of the forebag. area opposite the slit, as lower and upper parts, respectively, So far, the mRNA or protein expression of COX-1 and considering that the size of presenting fetal head at term is COX-2 was reported to be augmented in amnion8 and cho-approximately 9-10 cm in diameter. The placental tissues rion laeve-decidua vera tissues after labor onset,9'10 compared were obtained from two normal pregnant women at the time with the expression before labor. Skannal et al'1 found that of term elective cesarean performed at 38 weeks' gestation, cPLA2 activity in amnion tissues was highest just before labor. which were used as positive controls for Western blot analysis. However, it is not known which compartment of the fetal The tissues thus obtained were snap frozen in liquid nitrogen membranes is involved in the augmentation of PG synthesis in in blocks for protein and mRNA extraction and kept at -80C. parturition.
The sampling was carried out according to the guidelines of In active labor, the fetal membrane of the forebag is exposed TATCTTT-3': cPLA2, 26 forward, 5'-GAGCTGATGTTT-In the present study, to clarify a possible site-specific aug-GCAGATTGGGTTG-3' & reverse 5'-GTCACTCAAAGmentation of PG synthesis in the forebag, we first investigated GAGACAGTGGATAAGA-3'. Forward and reverse primers the expression of PG synthesis-associated enzymes (cPLA2, for the human glyceraldehyde-3-phosphate dehydrogenase COX-1, and COX-2) in the amnion, chorion laeve, and (GAPDH) coding region were purchased from Clontech Labdecidua vera tissues, which were separated lmmediately after oratories Inc. (Palo Alto, CA). The protocol was amplification placental delivery and prepared as upper and lower parts from for 30 cycles at 94C for 30 seconds; 58C for 60 seconds; and normal term pregnant women before and after the onset of 72 fo60scnwhhwadermedbednte
72C for 60 seconds, which was determi'ned based on the labor. Second, to elucidate further the possible involvement linearty between logarithmic density of reverse transcritase of cyclic mechanical stretching during labor in the regulation (RT) PCR products and PCR cycle number for amplification of PGE2 production in the anmion cells under the influence of of each cDNA from amnion-derived WISH cells mRNA.
IL-1, we investigated PGE2 production and the expression Final products were extended to full length by incubation at of cPLA2, COX-1, and COX-2 mRNAs in amnion-derived 72C for 4 minutes.
WISH cells after 24 hours of cyclic mechanical stretching with or without treatment with IL-i. Millipore Co., Allen, TX). The antibodies used were a monoclonal antibody raised against sheep COX-1 that had cross reactivity for human COX-1 (1:1000 dilution; Cayman CPLA2 Chemical Co., Ann Arbor, MI), a goat polyclonal antibody against human COX-2 (1:1000 dilution; Santa Cruz Biotechnology Inc., Santa Cruz, CA), and a monoclonal antibody GAPDH 4 j42p against human cPLA2 (1:1000 dilution, Santa Cruz Biotech- hour*atroom temperature; Amersham, Arlington branes taken from a term pregnant woman at elective cesarean deliv-40 hu to tp te ms , g ery before onset of labor. Data were representative of two Heights, IL) and enhanced chemiluminescence (ECL) reagent independent experiments. The 650, 255, 483, and 452 base-pair detection with exposure to Hyperfilm (Amersham). COX-2 bands represent RT-PCR products from COX-1, COX-2, cPLA2, and cPLA2 protein expression was expressed as a percentage of and GAPDH, respectively. control based on quantitative densitometric analysis of several blots by comparison with two identical placental tissues at 38 to obtain the maximal stimulatory effect on PGE2 secretion weeks' gestation, as internal positive controls, in each blot.
from WISH cells.
We utilized IL-lot, not IL-1J3, in the study, considering that PGE2 Production From Amnion Cells After both IL-lot and IL-13 share common receptors and cause Cyclic Mechanical Stretch similar effects on PG production,27 although the increase in Cells were cultured in minimum essential medium (MEM;
IL-1, was reported to be more prominent compared with that GIBCOBRL) containing 10% fetal bovine serum, at 37C in in IL-1l during parturition.'3 In our prelimninary study, the 95% air and 5% carbon dioxide under humidified conditions. PGE2 concentrations of the culture medium with 1, 5, 10, 50,
The amnion-derived WISH cells were seeded on six-well and 100 ng/mL IL-lox treatment for 24 hours were (mean + plates with flexible bottoms (BIO Flex collagen-I, Flexcell standard error of the mean) 644 ± 66, 691 ± 44, 904 + 80, Intemational Co., McKeesport, PA). When the WISH cells 874 ± 26, and 951 + 49 pg/mL respectively, which were reached confluence, the medium was replaced with fresh significantly higher than those of vehicle control, 190 + 21 MEM without serum, and the cells were incubated for 24 pg/mL (P < .05 and n = 5 for all). Thus The RT-PCR analysis showed the expression of COX-1, mechanical stretching to cultured cells without changing the COX-2, cPLA2, and GAPDH mRNAs in the amnion, chopressure of the medium. The stretching process uses intermitrion laeve, and decidua vera tissues in the upper part of the fetal tent vacuum extraction of the flexible bottom of culture wells membranes taken from a pregnant woman at elective cesarean from the underside of the wells. Therefore, we adjusted the before the onset of labor (Figure 1 ). In the present study, intensity of vacuum extraction (-12.9 kpa, 14.2% elongation)
RT-PCR analysis was done to detect COX-l, and Site-Specific Prostaglandin Synthesis in Labor J Soc Gynecol Investig Vol. 9, No. 2, Mar./Apr. 2002 71 cPLA2 mRNA expression in the tissues sampled before labor The cPLA2 expression in the upper and lower parts of the onset. Protein expression was compared before and after labor chorion laeve after labor was 70.2 ± 24.9% (n = 17) and and between upper and lower parts using Western blot analysis 60.5 + 20.2% of control (n = 17), which were significantly as follows. higher (P < .05) than the levels before labor, 8 .0 + 0.9% (n = 6) and 10.9 + 2.3% of control (n 6), respectively (P < .05
COX-1 Protein Expression
for each comparison; Figure 4B ).
COX-1 protein expression was below the limit ofdetection by Western blotting in all samples examined (Figure 2 .05 for each comparison; Figure 3B ).
.1
The COX-2 expression in the upper and lower parts of the 1503 1 decidua vera after labor was 131.3 + 69.0% (n = 15) and 10 /<0 _ 173.4 + 65.2% of control (n = 15), which were significantly 0 aso higher than the levels before labor, 35.4 ± 14.3% (n = 6) and C) U LP UP LP 15.8 ± 0.4% control (n = 6), respectively (P < .05 for each BL (n=6) AL (n=15) comparison; Figure 3C ). (Figure 2 ).24 The cPLA, expression in the upper and lower (LP) parts of fetal membranes, which were taken from term lower parts of the amnion after labor was 90.8 ± 24.2% (n = pregnant women at elective cesarean delivery before onset of labor 24) and 83.9 ± 18.2% of control (n = 24), respectively, which (BL) and at spontaneous vaginal delivery (AL). Data were calculated weresignificantly hihe tha th leel bfre labor,6.
using quantitative densitometric analyses of a total of 20 blots as described in Materials and Methods. The statistical significance was 0.7% (n = 8) and 7.2 ± 0.4% of control (n = 8), respectively assessed by ANOVA, followed by Fisher protected least significant (P K .05 for each comnparison; Figure 4A ). difference test. Western blot analysis ofmran 2 protein expression lower art of the decidua vera was significantly lower (33.6%) armnion (A), chorion laeve (B3), and decidua vera tissues (C). The than that in the upper part (P < .05; Figure 3C ). Likewise, cPLA2 expression was expressed as a percentage of control based on cPLA in exp i the lower part of the decidua vera quantitative densitometric analysis of several different blots using two Expesion of (42.1, th an tpar identical internal control placental tissues. Coalmns and error bars was s gnifctyoe(2% tatti tHuerpt indicate means and standard error of the mean of percentage of (P < .05; Figure 4C ). Expression of COX-1, COX-2, and cPLA using quantitative densitometric analyses of a total of 20 blots as 2 described in Materials and Methods. The statistical significance was mRNAs in Amlnion-Derived WISH Cells assessed by ANOVA, followed by Fisher protected least significant In the absence of IL-lot, the PGE2 concentration in the culture difference test. medium of WISH cells after stimulation by 24 hours of cyclic mechanical stretching was 106 ±16 4 pg/mL (n = 3), which was The cPLA expression in the upper part of the decidua vera significantly lower than that without the stimulation, 162 t 25 after labor was 28.7 0.5% (n = 15) of control, similar to that pg/mL (n = 3; P < .05; Figure 5 ). The GOX-2 mRNA before labor, 28m0 6.0% of control (n = 6; Figure 4C ). By expression in WISH cells was decreased after 24 hours of cyclic contrast, the cPLA, expression in the lower part of the decidua mechanical stretching, whereas COX-l mRNA expression Vera after labor was 73.5 thea 18.8% of control (n = 15), which was increased ( Figure 6 ). However, in the presence of 10 was signifn hge than t ng/n<)L IL-lot, the PGE2 concentration in the culture medium 2.2% of control (n = 6; P < .05; Figure 4C ).
of WISH cells after stimulation by 24 hours of cyclic mechanical stretching was 1239 ±-+ 163 pg/mL (n = 3), which was Comparison of COX-2 and cPLA2 Protein sigificantly higher than that without the stimulation, 830 ±-Expression in Upper and Lower Part 38 pg/mL (n = 3; P K .05; Figure 5 ). Under these conditions, Specimens By Western Blot Analysis the COX-2 mRNA expression in WISH cells after stimulation (PeK.05; Figure 4C ). Thus the expression of amnion COX-2 by IL-lh treatment but was not altered by 24 hours of cyclic and decidua vera cPLA2 proteins were site-specifically upregumechanical stretching ( Figure 6 ). Previously, several investigators reported that COX-2 expression was higher after the onset of labor in total fetal 10000 -0-cPLA2 membranes28 or amnion tissues,8'9 which is relevant to our _COX-1 results. Skannal et al'1 reported that the cPLA2 activity in the t000 COX-2 amnion tissues increased just before labor but decreased during labor. Bennett et al29 showed that cPLA2 mRNA expression in -100 chorion laeve-decidua vera tissues did not change during labor. These two reports were in disagreement with our results. At present, we have no explanation for this discrepancy, IL-lt as a model of amnion tissues of the forebag in labor. In the presence of IL-la, cyclic mechanical stretching significantly increased PGE2 secretion from WISH cells ( Figure 5 ), D IS C U SSI ON suggesting that cyclic distension might be involved in the local After the onset oflabor, expression ofboth COX-2 and cPLA2 upregulation of PGE2 production in the forebag. The fact that was augmented in the upper and lower parts of the amnion and cyclic mechanical stretching upregulated COX-1 mRNA exchorion laeve tissues (Figure 3 A, B; Figure 4 A, B ). As for the pression but not COX-2 or cPLA2 mRNA expression in decidua vera tissues after labor, COX-2 expression was ele-WISH cells stimulated with IL-oa ( Figure 6 ) indicated that vated in the upper and lower parts throughout labor (Figure COX-1 might be involved in site-specific augmentation of 3C). These data suggest that production of PGE9 and PGF9,, PGE2 production in the amnion cells ofthe forebag. However, was enhanced in the entire fetal membranes and decidua vera in the present study we could not assess the comprehensive tissues during labor via upregulation of COX-2 or cPLA2 changes of COX-1 protein expression in the amnion tissues.
expression, thus intensifying myometrial contraction. Because cyclic mechanical stretching did not alter COX-2 In the present study, we hypothesized that the expression of mRNA expression, this model could not explain the site-COX-1, COX-2, or cPLA2 might be elevated specifically in specific upregulation of COX-2 protein in the lower compartspecimens from the lower part after labor, as suggested by the ment of amnion tissues after labor ( Figure 3A ). The possible elevation of PGE2 and PGF2, concentrations in the amniotic involvement of COX-1 and COX-2 in the PGE2 production fluid of the forebag. 5,' In the lower part after labor, expression in the forebag will be examined in further studies. of amnion COX-2 as well as decidua vera cPLA2 was higher In the absence of IL-la, cyclic mechanical stretching sigthan the respective levels in the upper part ( Figure 3A Figure  4G ). This site-specific augmentation of the expression of arm- 5) , probably because of the dramatic downregulation of nion COX-2 and decidua vera cPLA2 may cause, at least COX-2 mRNA expression and simultaneous increase of partly, the local elevation of PGE2 and PGF2,, production, GOX-l mRNA ( Figure 6 ). We have no exact explanation for contributing to the acceleration of uterine contraction during this phenomenon at present. Nevertheless, we speculate that labor.
even when cyclic premature uterine contraction occurs with- production by amnion cells might be blocked via the suppres--let, and -6 and prostaglandins in vaginal/cervical fluids of pregsion of COX-2 expression as a possible safety mechanism nant women before and during labor. J Clin Endocrinol Metab sion of COX-< expression as a possible safety mechanism 1993;77:805-15. against premature delivery. Obviously, further in vivo as well 14.3Xue 85,E5e 
